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According to an old superstition the groundhog is said to leave its 
burrow on 2 February and to return underground for six weeks if 
it sees its shadow; thus a sunny 2 February supposedly means six 
more weeks of winter. Hardly a reliable way to forecast the weather! 


Predicting the Weather 


ANY PEOPLE STILL DO NOT ASSOCIATE the study of weather with 
M science. Too often they assume that the weatherman merely makes 
a calculated guess about what is coming tomorrow. But the scientific study 
of anything allows little guesswork. Meteorology, the formal name for the 
study of weather and one of the newer branches of physics, is little different 
from any other science. It concerns itself with a systematic series of ob- 
servations of daily weather activity in order to build up a picture of what 
is going to happen tomorrow, or next week. 

An expert in this science is called a “meteorologist”, a term less fa- 
miliar to us than “weatherman”. A meteorologist has spent many years 
studying the phenomena that take place in our atmosphere and inter- 
preting the information he gathers in the service of his fellow man. 

The primary job of the weatherman is to forecast what is coming 
tomorrow or the day after. As explorers in one of the newer sciences, 
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A PAINTED SKY 


A beautiful example of the sun’s artistry after it has de- 
scended below the horizon. Because the cirrus clouds are 
so high up, they are still illuminated by the rays of the sun, 
while the lower cumulus clouds are already in darkness. 


meteorologists have hardly made a dent in the larger and more chal- 
lenging problem of modifying or possibly controlling the weather. Before 
they can do that, scientists must learn to predict the weather with almost 
100 per cent accuracy. 

Scientific weather prediction was preceded by centuries of guesswork 
and intuition on the part of weather observers. For hundreds of years 
man made weather observations, and even today many of his old “say- 
ings” still survive all over the world. For example: 

Rain before seven, shine before eleven. In many cases, where rain 
falls in the night and early morning, the weather clears before noon as the 
sun warms the atmosphere, evaporating the clouds. 

Trace in the sky the painter's brush, the winds around you soon will 
rush. “Painter’s brush” refers to the high, thin cirrus clouds which usually 
mean that bad weather is on the way. 
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Rainbow at morning, sailor take warning; rainbow at night, sailor’s 
delight. In the morning, with the sun in the east, a rainbow would be 
seen in the west, and showers usually come from the west. At dusk, when 
the sun is in the west, a rainbow in the east would mean that the bad 
weather is already past. This is generally true in the mid-latitudes where 
weather flows from west to east. 

Who originated these sayings is anyone’s guess. Most likely they were 
coined by people who depended on the sea and on farming for a liveli- 
hood. They probably came from regions where the weather changed fre- 
quently. 

Among primitive groups one finds weather superstitions and weather 
rites such as those practised by the Pueblo Indians, who live in the valley 
of the Rio Grande. Even today these people attempt to make it rain by per- 
forming the Green Corn Dance throughout the dry season. 

What an amusing picture it would be if one of our scientifically trained 
meteorologists were found muttering mumbo jumbo over his hygrometer, 
rain gauge, anemometer, or other weather instruments. Today’s weather 
scientists know that a true understanding of weather will come only by 
slow, careful and sometimes dangerous work. 

At this very moment there is a team of men working a weather station 
on the 6,288-foot peak of Mount Washington in New Hampshire. Their 
job is to keep a careful record of all weather changes their instruments 
record. In winter they are nearly always plagued with weather more bit- 
ter than most of us have ever experienced. The men working the station 


MT. WASHINGTON, NEW HAMPSHIRE WEATHER STATION 


The buildings on top of Mt. Washington are generally 
covered with “rime”. Rime is ice formed when the wind 
blows supercooled (or subcooled) droplets against any 
exposed object. Rime is also present in the home freezer. 


in April, 1934, once measured the wind at 239 miles an hour! In winter 
the temperature often plunges to 20°, 30° and sometimes 40° below 
zero F. Cold, supercooled clouds covering the peak form thick deposits 
of ice on the cables and buildings. 

There are other weather scientists who risk their lives in even more 
dangerous ways. These are the weathermen of the air who look for hur- 
ricanes into which they can fly. It is the hurricane hunters’ mission to 
learn more about these treacherous storms by studying what happens in- 
side them. Eventually their studies may teach us how to prepare our- 
selves for disasters such as that caused by the 1900 hurricane that took 
7,000 lives at Galveston, Texas. 

Not all weathermen experience as much hardship or danger as those 
on Mount Washington—or the hurricane hunters, For every adventurous 
weather explorer, there are hundreds whose routine job is to check satellite 
photographs, or to record the daily temperature, humidity, wind speeds, 
cloud movements and rainfall. As unexciting as their work might seem, 
these men are vital to weather forecasting. They send their readings to 
weather stations all over the country. After recording these readings on 
his daily weather map, your local weatherman is better prepared to tell 
you what kind of weather to expect tomorrow. 
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This odd-looking plane was one of the first of a sky fleet of 
radar-equipped aircraft used by the U. S. Navy to fly weather 
reconnaissance and hurricane missions. A Lockheed WV-3, the 
craft was equipped to stay aloft as long as twenty-four hours. 


To understand how the weatherman arrives at his forecast of “Hail, 
thunderstorms and lightning”, we shall first explore the atmosphere—the 
relatively thin blanket of air that shields our planet against the torturous 
cold and torrid heat of outer space. For it is within our atmosphere that 
all weather is born: hurricanes, tornadoes and gentle sea breezes. With an 
understanding of what the atmosphere is made of, and how it behaves, you 
will be closer to answering the question, “What is weather?” 


By operating high above the atmosphere—this ITOS satellite is at 
900 miles—weather “eyes” get a panoramic view of earth. 


Our Ocean of Air 


N A WAY, MEN ARE LIKE THE CREATURES who live at the bottom of 

the sea. Draw them up to the surface and they will die. Accustomed 
to the inky black depths and the hundreds of tons of water pressing 
against them, the creatures are comfortably at home. Like these ocean 
creatures, man also lives in a sea. But man’s sea is a sea of air seventy- 
five times deeper than the deepest ocean and nearly 100 times higher 
than the loftiest mountain. 

Held captive by earth’s gravity, the atmosphere in one form or another 
surrounds our planet to a height of 300 to 700 miles. Take our atmos- 
phere away, and there would be no trees, no animals, no life of any 
Kind. There would be no weather, no clouds or brilliant sunsets and no 
sound. For it is the atmosphere which carries sound waves to our ears, 
where “noise” is created. Absence of atmosphere would mean a deathlike 
stillness and an eternally black sky. By day the direct rays of the sun 
would heat everything on earth to the boiling point of water. By night we 
would freeze in temperatures plunging to 300° below zero F. 

As a greenhouse protects the plants it houses, our atmosphere—or air 
—Protects us from the sun’s burning heat and the night’s freezing cold. 
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Besides the three gases on the 
chart, air also contains small 
amounts of argon, neon, helium, 
krypton, hydrogen, xenon, car- 
bon dioxide, water vapor and 
ozone. The column of mercury 
in a barometer, A, is supported 
by mercury in the cup at C. 
When air pressure is high (B) 
it presses down on mercury in 
cup, forcing the column of mer- 
cury higher. When air pressure 
is low the column of mercury 
sinks low in the tube and ac- 
counts for low barometer. 
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Long after the sun has set, the atmosphere serves as a blanket and pre- 
vents the earth’s stored-up heat from escaping into outer space. 

Many of us are not in the habit of thinking of the air as matter, as 
something that can be weighed. But as surely as iron and stone can be 
weighed, so can our air. If it were possible to press the earth’s air into a 
huge block and put it on a set of scales it would weigh about 5,900,000,- 
000,000,000 tons (five quadrillion, nine hundred trillion). 

The air we live in is a mixture of gases, dust and water vapor. Seventy- 
eight per cent of it is made up of nitrogen, the gas which is so important 
as a food for plants. Most of the remaining gas, twenty-one per cent, is 
oxygen, which animals and men alike depend on for life. The remaining 
one per cent is a blend of other gases—argon, helium, neon, ozone, 
carbon dioxide and still others. In addition to these gases the air is 
swarming with tiny dust particles: salt crystals from oceans, dust from 
rocks and sand, pollen from plants, ash from volcanoes and dust which 
drifts in from outer space. 

All of these gases and dust particles press down on us and against us 
from all sides with a tremendous weight. Right now more than a ton of 
air is pressing against each of us. We are unaware of this great weight 
because it is pressing from all sides equally. Pressure in this sense is a 
reflection of weight of mass rather than molecular motion. The particles 
are so small that not even the strongest microscope can show them to us. 

Near the surface of the ground the air pressure is strongest. The higher 
we go, the weaker the pressure becomes. Our atmosphere blankets the 
earth in layers, each one pressing down on the layers below and packing 
the air molecules more closely together. Like bugs darting and bumping 
around an electric light bulb, the molecules dart back and forth and bump 
against objects and against us. The higher we go into the atmosphere, the 
more loosely the molecules are packed. For this reason the pressure at high 
altitudes is less than it is at sea level. We say that the air becomes 
“thinner”. Because the many layers of air are constantly pressing down 
on others layers below, one-half of the earth’s atmosphere is squeezed into 
the first three and one-half miles above us. At what altitude the last thin 
traces of atmosphere are found, no one knows for sure. It may be as 
high as 5,000 or 6,000 miles; but all except the barest traces are located 
in the first few hundred miles. 

Man can live only in the lower levels of the earth’s atmosphere. If he 
tried to explore the upper regions without the protection of pressure suits 
and oxygen supply, he would not last long. By exploring high altitudes 
man has learned that normal life is possible only within the first three 
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The air, or atmosphere, surrounds the earth. 
Scientists divide it into several layers. From 
lowest to highest, these are the troposphere, 
the stratosphere, the ionosphere, and the 
exosphere. 


THEW 
ATMOSRHERE 
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METEORS 


At sea level, air pressure is 14.7 pounds per 
square inch. This means that the average person 
is surrounded by over a ton of air pressure. 


and one-half miles above our planet. Nearly all of the earth’s people live 
within the first mile above seal level. 

For many years men thought that the air became consistently colder 
with higher altitudes. But the new science of meteorology is teaching us 
that our early beliefs were wrong. Balloons and satellites carrying sensi- 
tive weather instruments high into the atmosphere show us that the air 
surrounding our planet is composed of layers, or shells. Each layer has 
pressure and temperature oddities which make it different from the others. 


The Troposphere 


HE FIRST AND LOWEST OF THE LAYERS surrounding the earth is 
called the “troposphere”. It is the most crowded with gas molecules 
and is where all of our weather is found. Over the United States the 
troposphere reaches up to 40,000 feet, nearly eight miles. On a hot sum- 
mer day the bottom of this air layer may register 95°F. But at the top 
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of the troposphere the temperature dips to a frigid low of nearly 70° 
below zero F. This layer cools off at an average rate of 3.5° for every 
1,000 feet of altitude. 

A comparable cooling occurs in a kitchen when the oven is on. The air 
closest to the stove is the hottest. But as one moves away, the air becomes 
cooler. Acting like a stove, the sun-heated earth retains warmth most 
markedly in the air near its surface. 

We also know the troposphere for its winds and air currents. At the 
top of this air layer the wind blows constantly, sometimes reaching 
velocities of 150 to 200 miles an hour. In addition to winds the tropo- 
sphere is filled with air currents which move up and down. Glider pilots 
search for these currents and ride them aloft as though they were in an 
elevator. As the sun heats large flat patches of land, the air above be- 
comes lighter, rises and creates these thermal currents or updrafts. 


THE NORTHERN LIGHTS OR THE AURORA BOREALIS 


Many people think that the “northern lights” are a weather phenomenon. 
Actually, auroras may result from solar particles hitting the upper 
atmosphere of the earth. We still know very little about them. 
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A weather satellite in action: artists concept of how a Nimbus 
Weather Satellite measures heat from clouds and determines land 
and water temperatures within two degrees Fahrenheit. 


The Tropopause 


T THE TOP OF THE TROPOSPHERE is the “tropopause”. The tropopause 
is a boundary between the troposphere and the layer above, the 
“stratosphere”. Here the temperature does not drop any lower than the 
frigid air just beneath. At this level, however, the winds reach their 
greatest force. World War II pilots flying at near-tropopause altitudes over 
Japan came back with stories of “jet-stream” winds up to 300 miles an 
hour. Since then many long-distance airline flight plans have been ar- 
ranged to take advantage of these fast-moving wind currents. 
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The Stratosphere 


HE NEXT LAYER OF AIR is called the “stratosphere”. It begins where 
sl ies troposphere ends and extends roughly some fifty-five miles above 
the earth. The lower regions of the stratosphere, like the upper tropo- 
sphere, are swept with strong winds and are icy cold. But at higher altitudes 
the winds no longer exist. At about twenty-five miles aloft something 
strange begins to happen. The air begins to turn warm, possibly climbing 
to a comfortable 60° or 70° above zero. Our meteorologists are not 
certain. The cause of this sudden warming is a layer of gas called “ozone”, 
without which man would find it difficult to live on earth. The ozone 
layer stops the sun’s ultraviolet rays from reaching us in full force. While 
a few of these rays are good for us, too many of them would soon kill us. 

Beyond the ozone layer, at a height of about fifty miles, the temperature 
again becomes cold. Near the top of the stratosphere it plunges to at 


SUN ‘DRAWING WATER” 


This beautiful effect is not caused by evaporation 
of water from the earth, but by light rays shining 
through small chinks in dark clouds. 
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least 30° below zero, and possibly as low as —100°F. Also, near the top 
of the stratosphere the sky appears nearly black. At these heights the 
thinning air does not reflect as much of the sun’s light as the lower dense 
atmosphere does. Even during the day, at this altitude, the stars shine 
steadily. The moon, reflecting the sun’s light, also seems to shine steadily 
through the day. 


The Ionosphere 


BOVE THE STRATOSPHERE is the “ionosphere”, the top of which is the 
: border line with “inner space”. At its lower level, around fifty to 
sixty miles above the earth, we find the misty “golden fire” of the noc- 
tilucent clouds. These rare clouds may be thin wisps of ice crystals or 
dust coming from meteors or volcanic ash. They are called “noctilucent” 


A RARE DOUBLE RAINBOW 


The spectrum of light we see as a rainbow is the result of white 
light from the sun bending as it passes through water droplets. 
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Weathermen at the South Pole 
have to wear outfits such as this 
just to venture outside their living 
quarters. The greatest danger from 
work in this region is frostbite. 


4. AN ARCTIC WEATHER RESEARCHER 


because they can be seen shining high in the heavens long after the sun 
has set. In 1883, when the volcanic island of Krakatoa shook the earth in 
a mighty explosion, people around the world saw these golden mist 
clouds. Dust from the explosion drifted through the atmosphere to heights 
of fifty to sixty miles and hung there for several months. 

At the lower levels of the ionosphere the temperature begins to rise 
again. At seventy miles up it may be about 38° below zero F. At 250 
miles aloft it may reach as high as 1,650° F.! Temperature is simply a way 
of expressing the speed of gas molecules. There are fewer gas molecules 
at high altitudes, and they are free to bounce around faster than the 
crowded molecules at sea level. 

The ionosphere is a layer, or succession of layers, high in the atmos- 
phere, where the air is ionized and therefore conducts electricity. This 
ionized air serves to bounce radio signals of various wavelengths back 
to earth. This property is important for short-wave transmission. Other- 
wise, messages could not be sent over such long distances. 


How the Air Circulates 


IKE THE SEA, Our ocean of air is constantly in motion. Many forces 
acting on it bring us the “prevailing winds”, which blow steadily 
day and night, and tornadoes, which strike suddenly, then die. 
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A GLIDER ON A THERMAL UPDRAFT 


Thermal updrafts are currents that move up and down, to the 
delight of glider pilots. The straight line distance record for gliders 
is 647 miles, which is a long, long flight without an engine. 


The sun is one of the sources of energy that keeps the atmosphere in 
motion. Its rays shine the hottest on the wide belt of sea and land near 
the equator. As the air above the equator becomes heated it rises, just 
as air above a hot radiator pushes upward toward the ceiling. When the 
equator’s hot air rises high enough, it is cooled by expansion and then, 
since it is denser and weighs more, tries to settle back to the ground. But 
the endless stream of hot air pushing up from below prevents it from 
settling. So in great arcs it moves off toward the North and South poles. 
When it reaches altitudes of about 30° some of the air settles toward the 
ground, where it is caught by winds rushing toward the equator. The 
rest continues on toward the polar regions where it, too, finally curves 
groundward and makes a return trip to the equator. 

The earth’s atmosphere can be thought of as two large conveyor 
belts, each belt stretching up from the equator. Meteorologists would be 
happy if the air-circulation picture were entirely that simple. But a second 
force complicates things—the rotation of the earth. 

Spinning at about sixteen miles a minute, the earth deflects the loops of 
air passing over it. So, instead of having constant winds that blow straight 
from the equator to the poles and back again, we have winds that blow 
at angles to the poles. 
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At the equator, the air above the earth moves along at the speed of the 
earth’s surface. For this reason there is not much wind. Sailors of old 
dreaded this area, which they called the “doldrums”. For days on end 
they would sit motionless with no breeze to fill their sails. As the hot air 
rises from the equator it picks up moisture from the sea. As the air is 
carried into cold altitudes it cools and releases its moisture in the form 
of rain. So hot moist air and heavy rain, like that found in southern Asia 
and the “fever swamps” of Africa, are typical of the equator’s climate. 

As air from the equator streams toward the poles some of it breaks 
away and flows down to the surface at about 30° latitude. Here it piles 
up and forms a high pressure belt, which at sea is called the “horse 
latitudes”. At this point the air doubles back and rushes toward the 


Vertical winds, or thermal currents, are formed when land air 
heated by the sun rises. Air from surrounding areas rushes in. 
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The air enclosing our planet is set in motion by heat from the sun. As 
air above the equator becomes heated, it rises and flows off toward the 
poles. The spinning earth causes the various wind belts. 


equator to replace air rising aloft. The winds resulting from this equator- 
bound air flow are called the “trade winds” and blow steadily both day 
and night. In the Northern Hemisphere they blow from north-east to south- 
west. In the Southern Hemisphere their direction is south-east to north- 
west. 

Weather in the horse latitudes is generally hot, dry and sunny with 
little rain. The land area along this belt contains the world’s great deserts, 
the North American prairies and the steppes of Russia. No one is quite 
sure where the name “horse latitudes” comes from. One writer says that 
the name comes from the old sailing days, Ships carrying horses were 
often becalmed at these latitudes, and the crew had to push the animals 
overboard when the supply of fresh water ran too low. 
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Beyond the horse latitudes, to about 60° north and south, is another 
belt of winds called the “prevailing westerlies”. In the Northern Hemi- 
sphere they blow from south-west to north-east, and in the Southern Hem- 
isphere from north-west to south-east. (In the weatherman’s language, by 
the way, a westerly wind is one that blows from the west, not into the 
west.) The prevailing westerlies are caused by a great flow of poleward- 
bound air travelling faster than the spinning surface of the earth. At alti- 
tudes where our airliners fly, the westerlies blow steadily. A plane flying 
from San Francisco to New York can almost always make better time than 
one flying from New York to San Francisco. 

At lower altitudes the westerlies are less dependable. Cold, dry air 
moving down from the north and warm, moist air moving up from the 
south meet in the path of the westerlies. The results are ever-changing 
wind currents, tornadoes, hurricanes, hail, sleet and snow, all of which 
make the region of the westerlies the most active weather belt on earth. 


The camera eye of an ATS (Applications Technology Satellite) took this 
panoramic view of the earth. Picture shows Hurricanes Beulah, Monica, 
Nanette and Typhoon Sarah in the western Pacific. 
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This map shows how desert areas and wet are: great deserts (grey patches on map) are found along the 
tributed around the globe north and south of the equator. horse latitudes. Sandwiched between the horse latitudes is 
At about 30° north and south latitudes the air aloft sweeps the equator. Along this belt the world’s rain forests, or 
down and piles up to create areas of high pressure. Weather “fever swamps” (black patches on map), are plagued with 
along these belts is mostly hot, dry and sunny. The world’s hot, moist air, heavy rain. 
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The trade winds are the winds that Columbus followed to discover 
America. This was the traditional sailing route to America before a 
shorter northern route was found by English sailors and adventurers. 


From latitude 60° to the poles, the flow of air again is slowed down. 
The result is a third belt of winds called the “polar easterlies”. When the 
flow of hot moist air which began at the equator reaches its polar desti- 
nation it is cool and dry as it settles to the surface. From here it spreads 
out and begins its return journey to the equator, where the cycle starts 
all over again. 

Now that we have had a look at our ocean of air and the restless 
currents moving within it, we can try to solve a few meteorological mys- 
teries and learn why the daily weather sometimes behaves in such strange 
and unpleasant ways. 
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Diagram above shows the sun high in the sky in the summer shin- 
ing nearly straight down on us, giving us hot weather. In winter 


the sun’s rays strike us at an angle, so we have cool weather, even 
though the earth is closer to the sun then than it is in summer. 
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Weather in the Making 


E ARE FORTUNATE ENOUGH to be living on a slightly tipsy planet. 
In relation to the sun our planet does not hang perfectly straight 
in space, Instead it is tilted, and because the earth is tilted, we have 
seasons. In winter the sun’s rays strike the Northern Hemisphere at an 
angle, because this part of our globe is tipped away from the sun. Hence 
there is cool weather with snow in the north. But in summer, because 
the sun’s rays point nearly straight down on a large part of the Northern 
Hemisphere, we have hot weather. By keeping a record of how the sun 
appears to travel across the sky, we can see how it strikes us from different 
angles as the seasons change. In winter it traces an arc low across the 
sky from east to west. In summer its arc swings high overhead. For this 
reason summer days are longer. And because they are longer, the earth has 
more time to store up the sun’s heat and less time to reflect it back into 
the atmosphere, thus bringing us hot days and uncomfortable nights. 
At this point you may be interested to know that the hottest day on 
earth was 13 September, 1922, in Azizia, Libya. The mercury rose to 
136° F., even in the shade! The highest temperature ever recorded in the 
United States is 134° F. This was the official reading at Greenland Ranch, 
Death Valley, 10 July, 1913. At the other extreme the Russians in 1960 
reported a frigid low of 127° below zero F. near the South Pole. The 
record low in the continental United States is 69.7° below zero F., 
recorded at Rogers Pass, Montana, on 20 January, 1954. 
How hot you are in the summer and how cold you are in the winter 
depend largely on whether you live inland or near the sea. To a depth of 


WIND VANE 


Wind vane points into the wind. It indicates only the 
wind direction. Anemometer has four cups which are 
spun around by wind. They show the wind’s speed. 


a few inches, the earth hungrily soaks up the sun’s heat, but just below 
the surface the ground stays cool, even on the hottest days. Unlike the 
ground, the sea absorbs the sun’s heat evenly and deeply. This is why 
water stays warm (or cool) longer than the ground does. Soon after sun- 
set the ground quickly gives up its heat, but the temperature of the water 
changes little. All during the summer, oceans and lakes slowly become 
warmer and warmer while the land heats by day and cools by night. By 
the time winter approaches the sea is warmer than the land, so it begins 
to give up some of its stored heat. Air warmed by the sea flows inland 
and accounts for mild winter climate along the sea coast. 
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Wind—Air in Motion 


E he “SEA BREEZE” which people along the coast look forward to on 
summer afternoons is caused by hot air rising from the land. As the 
air above the land is warmed it expands, becomes lighter and rises. 
Cooler air from the ocean then rushes in to replace the air which is 
rising. Result: a sea breeze. At night just the opposite happens and a 
“land breeze” is created. Air over the land is cooled and contracts, and 
then rushes toward the sea, replacing the warmer air there. This is a very 
local phenomenon and may be overcome by more general weather con- 
ditions. 

Wind, then, is simply air in motion. When the weatherman reports the 
winds to us he uses a measuring system worked out in 1805 by Admiral 
Beaufort. Beaufort even went so far as to tell us how to measure the 


THE DAY’S LAST RAY OF SUNLIGHT 


Evening clouds, often good indicators of tomorrow’s weather, can provide 
some of the most spectacular sky displays put on by Nature. 
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BEAUFORT 
NUMBERS: 


10 


11 


12 


WIND 
SPEED: M.P.H. 


1103 


4107 


8 to 12 


13 to 18 


19 to 24 


25 to 31 


32 to 38 


39 to 46 


47 To 54 


55 to 63 


64 To 75 


over 75 


DESCRIPTION: 


CALM 


LIGHT 
AIR 


SLIGHT 
BREEZE 


GENTLE 
BREEZE 


MODERATE 
BREEZE 


FRESH 
BREEZE 


STRONG 
BREEZE 


MODERATE 
GALE 


FRESH 
GALE 


STRONG 
GALE 


WHOLE 
GALE 


STORM 


HURRICANE 


WIND 


SPEED AND 
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DIRECTION: 


SPECIFICATIONS: 


SMOKE RISES VERTICALLY, 


WIND DIRECTION SHOWN BY 
DRIFT OF SMOKE. 


WIND FELT ON FACE; LEAVES RUSTLE; 
FLAG STIRS, 


LEAVES AND TWIGS IN CONSTANT MOTION; 
WIND EXTENDS LIGHT FLAGS. 


DUST, LOOSE PAPER, AND SMALL BRANCHES 
ARE MOVED. 


SMALL TREES IN LEAF BEGIN TO SWAY; 
WAVELETS FORM ON INLAND WATER. 


LARGE BRANCHES IN MOTION, WHISTLING 
TELEGRAPH WIRES. 


WHOLE TREES IN MOTION; 
WALKING IS HINDERED. 


TWIGS BREAK OFF TREES, 


SLIGHT DAMAGE TO HOUSES. 


TREES UPROOTED; 
MUCH DAMAGE TO HOUSES. 


WIDESPREAD DAMAGE. 


VIOLENCE AND DESTRUCTION. 


A sea breeze is created when hot air over the land rises. Cool sea 
air then flows in to take its place. This is an “onshore” breeze. 


A land breeze, or “offshore” breeze, is created when warm air 
over the sea rises and cool air flows over the sea replacing it. 
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wind’s speed in miles an hour without using special instruments. All we 
have to do is observe what the wind moves around us. A moderate breeze, 
he said, is one which moves dust, loose paper and small branches. 
While the Beaufort wind scale is a fine standard for the amateur meteor- 
ologist, the professional prefers his anemometer, a special instrument made 
of three or four small cups which catch the wind and are spun around in 
a circle. The anemometer accurately measures the wind speed. 


What Is Water Vapor? 


IDING ON THE WINDs or hanging in motionless air is a form of water 
R which the meteorologist calls “water vapor”. On hot, muggy days 
and whenever you take a shower, the air around you is laden with water 
vapor. All day long as the sun shines on lakes, oceans and puddles, it 
changes some of the water into vapor and so the air is moistened. The 
hotter the air is, the more water vapor it can hold. Cold air can hold 
little water vapor. The next time you take a hot bath or shower, notice 
how moist the air in the bathroom becomes. As water sprays out of the 
shower, some of it turns into water vapor. Gradually so much of it 
passes into the air that the air can’t hold any more. At this point you 
notice that the mirror and window become misted over. What happens is 
that the overflow of water vapor condenses, or turns back into water, as it 
strikes the mirror, window and walls. 


The wet bulb psychrometer shows relative 
humidity, or tells how moist the air is. The 
dry bulb, A, records the actual air temper- 
ature. Bulb B, which is wet by a wick and 
cooled by evaporation, reads lower. The dif- 
ference in the two readings makes it possible 
to calculate the relative humidity. 


PSYCHROMETER 
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Dew does not fall. Actually it is water vapor in the air that is 
condensed on contact with a surface cooler than the air around it. 


Pour a glass of ice water and set it aside for a while. After it has been 
standing at room temperature, examine the glass. If the water was cold 
enough, it should now be covered with your own homemade dew. The 
cold glass cooled the air around it and forced water vapor to condense out 
of the air. If the air outside is 65° F. and has as much water vapor as it 
can hold at that temperature, the weatherman says that the “relative 
humidity” is 100 per cent. But if the air has only half the water vapor it 
can hold at 65° F. then the humidity is fifty per cent. Without water vapor 
most of our plants and trees would wither from the dry heat, there 
would be no rain and the skies would be forever cloudless. 
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CUMULUS HUMILIS 


STRATOCUMULUS cuMULOGENITUS ‘cuMuLonineaus 


staaTus STRATOCUMULUS 


LOW CLOUDS 


The selection of clouds on this and the following pages is from 
the Official Cloud Code Chart of the United States Weather Bureau 
Weathermen the world over have agreed to give certain kinds of 
clouds certain names. Also, they know that rain and hot or cold 
weather can be predicted when clouds are properly interpreted and 
associated with other weather elements, The principal low clouds are 
the CUMULUS and STRATOCUMULUS, These are the fluffy, dome- 
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ALTOCUMULUS LENTICULARIS 


[ACTOCUMULUS TRANSLUCIDUS UNOULATUS ALTOCUMULUS CUMMLOGENITUS 


MIDDLE CLOUDS 


shaped clouds with a grey, flat base. Sometimes you see them scat- 
tered across the sky about 1,600 feet. These clouds often ride atop 
currents of rising warm air. They form in the morning and by eve- 
ning may be gone. In the middle group the most prominent member 
is the ALTOCUMULUS. These clouds are usually thick, dark grey 
or bluish layers between 6,500 and 20,000 feet. Occasionally they 
are so thin the sun or moon may be dimly outlined through them. 
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CIRRUS FIBRATUS FILOSUS CIRRUS ABOVE 45° 


OR ; 
CIRRUS FIBRATUS FLOCCUS CIRROSTRATUS NOT COVERING THE WHOLE SKY 


Re A le le an i allie SR, “ 


CIRRUS BELOW 45° CIRROCUMULUS 


HIGH CLOUDS 


The topmost member of the high cloud group is 
the CIRRUS. These clouds move near the top of 
the troposphere, yet they can be as low as 10,000 
feet. Caught by winds aloft, these thin, feathery 
clouds, made of ice crystals, race by at a speed of 
100 to 200 miles an hour. Few clouds appear above 
35,000 feet. Above this height moisture in the 
atmosphere decreases and cloud formation is rare. 
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cience Bulletin 


Prepared by SCIENCE SERVICE 


THUNDERSTORMS FALL MAINLY ON THE LAND 


Lightning flashes from thunderstorms at night are 
bright enough to be recorded by a satellite orbiting 
overhead. Therefore, a global survey of nighttime 
thunderstorms was undertaken by the orbiting solar 
observatory satellite OSO-B. It recorded lightning 
flashes between 35° north latitude and 35° south 
latitude for a period of eight months. 

The result, report Drs. J. A. Vorpahl of the 
University of California at Berkeley and J. G. Sparrow 
and E. P. Ney of the University of Minnesota, is that 
ten times as many lightning storms were seen over land 
areas as over the ocean. 

One ocean area that did show a significant cluster of 
thunderstorms, however, was just east of South America. 
The location coincides with that of the geomagnetic 
anomaly, a kind of dent in the earth's magnetic field. 
According to Drs. Vorpahl, Sparrow and Ney, this 
suggests some connection between the storms and the 
geomagnetic anomaly. 


SUPERNOVAS AND DINOSAUR EXTINCTION 


About 65 million years ago many living organisms, such 
as the dinosaurs and phytoplankton, underwent severe 
attenuation in diversity or became extinct during a 
relatively brief period of time. 


Drs. Dale Russell of the Canadian National Museum of 
Natural Sciences and Wallace Tucker of American Science 
and Engineering in Cambridge, Massachusetts, suggest 
that a nearby supernova explosion might have produced 
climatic effects so drastic as to cause these 
extinctions. The recent discovery of pulsars, the 
soientists point out, suggests that large fluxes of 
cosmic and gamma rays are produced in the early stages 
of supernova outburst. Such enormous doses of radiation, 
they believe, could heat the top of the atmosphere to 
create ascending motions in the stratosphere. This 
would make the lower atmosphere unstable, with drastic 
short-term effects and a long-term lowering of 
temperatures. 

The biostratigraphic records suggest, they point out, 
that a temperature drop was involved in the extinctions. 
The supernova theory, they conclude, predicts effects 
that agree more closely with the record than other 
theories advanced to explain the extinctions. 


SEA-AIR INTERACTION 


Field work for the massive data-collection project 
BOMEX, the Barbados Oceanographic and Meteorological 
Experiment, was conducted from May through July 1969. 

Most of the data analysis is being carried out over a 
period of several years. 

One finding, however, is that the day-night 
temperature variations in the upper thirty meters of the 
Sea account for a daily interchange of energy that 
approximates the amount of solar radiation that the sea 
surface receives daily. 

The movement of heat upward from the sea-air ¥ 
interface, the researchers found, is accomplished by 
very small wind eddies, only tens of meters in diameter, | 
while moisture is transported aloft by much larger 
eddies, measuring hundreds of meters. 

BOMEX measurements of the visible radiation reflected 
by the ocean reveal that it is only about half the 
amount that had previously been assumed. The ocean 


reflects only about three per cent of the visible 
radiation that strikes its surface, the researchers 
found. 


NEW LIGHT ON AN OLD SUPERSTITION 


The belief that the moon somehow influences the 
earth's weather has been a peculiarly persistent one, 
but has generally been dismissed as mere superstition. 

Recently, however, scientific interest in 
extraterrestrial effects on weather has revived. 

Dr. Mae DeVoe Lethbridge of the Pennsylvania State 
University has studied meteorological records from 108 
weather stations in the United States for the years 
1950 to 1933 and 1942 to 1965. Statistical analysis of 
these data showed a peak in thunderstorm frequency on 
the second day after the full moon. 

Dr. Lethbridge suggests that the earth's geomagnetic 
tail, which trails out into space, could provide a 
mechanism for the observed increase, since the full 
moon passes through the tail. The moon's gravitational 
force may cause displacement of the earth's magnetic 
field lines, perhaps permitting particles that would 
otherwise be excluded to enter the atmosphere. 


GULF STREAM VELOCITY 


The internal motions of the Gulf Stream, which has a 
profound influence on the climate of eastern North 
America, are very complex. But an understanding of their 
nature is important not only to hydrodynamicists and 
oceanographers, but to meteorologists and navigators as 
well. 

Dr. William J. Schmitz, Jr., and F. C. Fuglister of 
the Woods Hole Oceanographic Institution and Dr. A. R. 
Robinson of Harvard University have used current meters 
moored in the Gulf Stream to obtain two-month records of 
the bottom velocity directly under it. 


The records show large speed variations in the bottom 
current, the scientists report. At one point, speeds up 
to forty-four centimeters per second were observed 200 
meters above the ocean bottom. 

Fluctuations in the deep current, the researchers 
conclude, appear to be associated with shifts in the 
surface direction of the stream and with both surface 
and bottom current fluctuations 200 meters upstream. 


MAKING CLOUDS GROW 


Where the rainfall potential of clouds is concerned, 
the total is greater than the sum of its parts. 

At the International Conference on Meteorology in Tel 
Aviv, Israel, Drs. Joanne Simpson and William L. 
Woodley of the National Oceanic and Atmospheric 
Administration described the results of their 
cloud-seeding experiments over Florida in the summer of 
1970. 

In experiments seeding single clouds on fair days, 
they increased rainfall sevenfold. Rainy-day seeding 
diminished precipitation by twenty per cent. 

Since large clouds produce more rain than small ones, 
the scientists also attempted to use their seeding 
techniques to make clouds grow. Using a numerical model 
of cumulus cloud behavior to select likely clouds for 
seeding, the researchers were able to induce significant 
cloud growth. 

The scientists also observed that when two clouds 
merged, their total rainfall was much greater than 
rainfall from two separate clouds of the same size. 
Clouds that were close together were seeded to make 
them amalgamate, and total rainfall was compared to 
control days. The three most productive days, the 
Scientists say, were seeding days. 


Atlantic 
Ocean 


The Grand Banks of Newfoundland 
is an area famous for fog. These are | 
caused when moist air warmed by the 
Gulf Stream moves on over the icy 
Labrador current. } 


Fog and Clouds 


IR TEMPERATURE, water vapor and the billions of dust particles float- 

ing in the air are responsible for fog. Air that contains a lot of 

moisture is an ideal fog producer. As the air cools it is forced to give up 

some of its water vapor, which condenses on the billions of tiny dust 

particles in the air. Around each grain of dust hangs a small water 

droplet which remains suspended as a fog particle until the air is again 
warmed so the water can change back into vapor. 

When smoke and soot from automobile exhausts and factory chimneys 
mix with fog, we call it “smog”. Not only is it unpleasant for people to 
breathe smog, it can also be deadly. In Donora, Pennsylvania, for ex- 
ample, smog was blamed for the deaths of twenty people in one week and 
for the illness of hundreds of others. 
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FOG OVER THE GOLDEN GATE BRIDGE 


San Francisco is famous for its fogs, which roll in almost nightly 
from the Pacific Ocean and blanket the city, as this photo makes plain. 


Once you understand what makes fog you know what a cloud is. 
When fog forms high in the sky we say that there are clouds. Or looking 
at it the other way, when clouds hang close to the ground we say that it 
is foggy. 

Clouds are born when warm, moist air rises and is cooled. Sometimes 
water vapor condenses on dust particles to form a water-droplet cloud. 
Other times, when the water vapor is cold enough, a cloud of ice crystals 
is formed. On any cold winter day you can easily make your own “cloud” 
simply by exhaling into the air. 

Clouds come in many different shapes and sizes. Weathermen the world 
over have agreed to give certain kinds of clouds certain names, They 
know that rain and hot or cold weather can be predicted when clouds 
are properly interpreted and associated with other weather elements. 


Rain, Hail and Snow 


ATER VAPOR, dust particles and temperature of clouds combine to 
bring us rain, snow, sleet and hail. While some areas of the world 
are overshowered, people in other regions consider themselves lucky if 
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they get three good downpours a year. What does the weatherman con- 
sider an “average” rainfall? New York City gets about forty inches of 
rain a year, San Francisco about twenty. Most cities in France and Ger- 
many fall within that range. England is much wetter. 

The wettest spot in the world is a place called Cherrapunji, India, 
perched nearly a mile above sea level in the Khasi mountain range. 
It rains there most of the year. Hot moist air from the Indian Ocean 
flows steadily overland and climbs the mountains. As this moist air is 
pushed higher and higher by the continuous flow of more air behind, it 
cools and rain pours on the people below. The yearly rainfall for 


An unusual phenomenon is heavy 
fog in broad daylight. The photog- 
rapher was lucky enough to get 
such a shot at Split Rock Light- 
house on Lake Superior. The fog 
will disperse if the sun becomes 
warm enough to heat the fog and 
the water underneath it. 


9. FOG IN THE NOONDAY SUN 


The sun evaporates millions of tons of water into the air daily. As 
the moist air rises, it cools and turns either to rain or snow, falling 
back to earth to be evaporated again. This is called the “water cycle”. 


Cherrapunji averages 450 inches. In one four-day period 100 inches of 
rain fell. In 1861 the people of Cherrapunji sloshed through 905 inches 
of rain. Compare this with the driest spot in the United States, Greenland 
Ranch, Death Valley, which has an average yearly rainfall of less than 
1.5 inches. An imaginative New York Times reporter once had this to 


say about the Cherrapunji rainy season: “. . . The rain comes down in 
drops the size of baseballs, blown by the fierce winds with rifle veloc- 
ity. re 


A typical rain cloud has billions upon billions of tiny water droplets 
which are buffeted about within the cloud. As they collide, some of them 
grow larger and larger. When the drops are heavy enough so that they 
can no longer be supported by drafts and winds in the cloud, gravity 
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pulls them to the earth. In other words, it rains. But sometimes the air 
below a raining cloud is so dry that the raindrops evaporate before they 
can reach the ground. 

England, whose air is constantly kept damp by moist winds blowing 
in from the Atlantic, is an ideal rain-making area. Even if a bright sun is 
shining in the morning, the Englishman hooks his umbrella on his arm 
before leaving for work. And sure enough, by lunch time he may have 
cause to use it. 


A fantastic display of clouds in- 
dicating an approaching storm. 
Displays such as this are more 
common where a land mass and 
a body of water are involved, than 
over land alone. This is because 
of the sun’s rays, which are re- 
flected from the surface of the 
water to the clouds above it. 


7. AN APPROACHING STORM 
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It is said that no two snowflakes are exactly the same. And snow 
is not frozen rain. Air must be supersaturated with water vapor 
and below the freezing point for snow to form. When the water 
vapor reaches the frost point it becomes a crystal of ice with six 
sides, called a hexagon, Around these crystals snowflakes grow. 


If there are strong updrafts in a cloud, raindrops are frozen into small 
ice pellets. The winds catch the small pellets of ice and bounce them 
around. As a pellet begins to fall out of the cloud it is caught by an up- 
draft and lifted to the cold top region of the cloud. The film of water 
covering the pellet is frozen and it falls again. But a second time it is 
blown to the top of the cloud where it collects another coat of ice, and 
still another, until it becomes so heavy that the winds can no longer hold 
it. At this point it falls to earth as a hailstone. 
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Icicles are sometimes an indication 
of poor housing insulation. Heat 
escaping from the house melts 
snow on the roof, or a warm sun 
may melt the snow. In turn, the 
melted snow freezes into icicles, 
such as those pictured here. 


: 


17. ONE OF JACK FROST'S TRADEMARKS 


Unlike hailstones and raindrops, a snowflake undergoes what the me- 
teorologist calls “sublimation”. The water vapor turns into ice crystals 
without first becoming a raindrop. Meteorologists think that some rain 
may begin as snowflakes that melt when they fall through warm air. They 
also think some rain is formed directly by the clumping together of mi- 
nute water droplets in warm clouds. But like other frontiers of weather 
research, the forces that create a raindrop are still a mystery. 


AMERICA’S TEN DEADLIEST HURRICANES 


PLACE DATE DEAD DAMAGE 

Galveston, Texas 1900 6,000 $ 30 million 
Louisiana, Mississippi 1909 350 5 million 
Galveston, Texas 1915 275: 50 million 
Mid-Gulf Coast 1915 275 13 million 
Florida 1928 1,836 25 million 
Florida Keys 1935 408 6 million 
New England 1938 600 300 million 
East Coast 1955 184 913 million 
Gulf Coast 1957 430 150 million 
Mississippi 1969 300 1 billion 
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Hurricanes are among the worst catastrophes of Nature. 
Scientists have not yet found a way to control them. 


SPIRAL \ 
RAINBANDS i 
HURRICANE & 
MODEL eee 
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Weather in Action: Hurricanes 


HE HURRICANE is the most destructive storm known to man. Along a 
Te hundreds of miles long, a full-scale hurricane can kill thousands 
of people and damage property amounting to millions of dollars. 

Hurricanes are known by several names. Northern Pacific people call 
them typhoons. In Australia they are willy-willies. Around the Indian 
Ocean they are cyclones. Filipinos call them baguios. 

Hurricanes are born over tropical waters where there is abundant mois- 
ture in the air to supply energy, and little friction with the smooth ocean 
surface to dissipate the force of the storms. The peculiar quirks in the 
atmosphere that bring about the formation of hurricanes are still not 
definitely identified. It is known that they begin in areas where the air 


This remarkable photograph of a cyclone located 1,200 miles north 
of Hawaii was made from the Apollo 9 spacecraft. 


and water temperatures are high. These areas tend to be in zones where 
the trade winds from the Northern and Southern hemispheres meet, pro- 
vided these zones are more than about 5° north or south of the equator. 

A hurricane starts as a large, showery area in the tropics, where the 
air rotates counterclockwise around a low pressure center. Not all such 
“disturbed” conditions develop into full-fledged hurricanes, however, As 
the winds gradually become stronger, they take an organized circular 
motion and increase in speed of rotation. Heavy clouds and rain showers 
form in a ring around the low pressure center. When the hurricane is 
fully developed, there is an area of relative calm in the low pressure 
center, called the eye, where there is a break in the clouds. 

A hurricane may cover an area of some 300 miles in diameter and 
the winds reach a speed far in excess of seventy-five miles an hour. The 
greatest loss of life in a hurricane is not due directly to the wind, how- 
ever, but to great waves driven like a wall of water, inundating low 
coastal areas. 
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The funnel of a tornado has just touched ground near Fargo, North 
Dakota, and has started to move toward the photographer. Before it 
reached the barn in the foreground it veered off to the left and 
ran harmlessly through some fields. The tornado lasted four minutes. 


The two most devastating hurricanes in history—called cyclones because 
they swept in from the Bay of Bengal—were one that killed 300,000 peo- 
ple near Calcutta in 1737, and another that took 500,000 lives in East 
Pakistan in November, 1970. 


Tornadoes—the Fearsome Funnel 


VICIOUS COUSIN OF THE HURRICANE is the tornado, that black vacuum 
funnel that can suck animals, automobiles and even houses up 

into its hungry snout. Conditions are right for tornado formation when 
moist warm air clashes with cold dry air, resulting in a long line of thun- 
derstorms called a squall line. The tornado belt in the United States is in 
the Missouri-Mississippi Basin. On hot summer days people in this region 
grow anxious when the skies darken and they sense a thunderstorm in the 
making. Warm moist air flows into this area from the Gulf of Mexico 
and the Caribbean, At the same time cold dry air, passing over the 
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10. 


SMOG OVER LOS ANGELES 


An unhealthy and sometimes fatal combination of smoke and fog is called 
“smog”, seen here hanging over the Los Angeles area. 


Rockies, settles on top of the warm air. Where their surfaces touch, rain 
clouds begin to boil and a storm is born. The warm air below sets up a 
spinning action around a hollow center. As the spiral whips around faster 
a tornado is made. Its deadly funnel zigzags and skips across the ground. 
Winds sweeping around the funnel reach speeds of 300 miles an hour or 
more. Tornadoes are the most violent of all winds. 

Like a giant vacuum cleaner, the funnel of the tornado wanders over- 
land at twenty-five to forty miles an hour, drawing into its snout nearly 
everything it strikes. When it passes over a building, the building usually 
explodes. Tightly packed air inside the building expands so rapidly that 
it pushes the walls out in all directions and blows the roof off. The 
splinters of lumber left are then sucked up into the tornado’s funnel and 
are carried off. 

Unlike a hurricane, a tornado sweeps over an extremely narrow track 
of land. The distance across the business end of a tornado is seldom 
more than 1,000 feet and these storms usually lose their force after 
travelling a few miles. 

One of the things that make tornadoes terrifying is that one can never 
be sure where they are going. For a while a tornado may boom along in 
a straight path. Suddenly it veers off to the left, then weaves back to the 
right. People watching it can only hope that the funnel will not sweep 
over them. 
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Thunderstorms 


T LEAST ONCE DURING THE SUMMER most people can count on being 
AN caught in a thunderstorm. The most reliable warning of these 
storms is the majestic thunderhead cloud, the cumulonimbus. The after- 
noon may be clear and hot with the sun beating down on a nearby field. 
But a storm is in the making. The heat from the field causes the moist 
hot air over it to rise. When it reaches cooling heights, water vapor in the 
air condenses out and a cloud is formed. If the rising moist air currents 
are strong enough, the air will continue to push higher and higher to 
cirrus levels, where the water vapor is turned into ice crystals. As the 
cloud builds, water vapor condenses into rain and the storm begins, 
flashing lightning and booming thunder. At the top of the cloud there may 
be hail and snow, but it seldom reaches the ground. Warmer parts of the 
cloud and hot air below melt the ice and snow before they can fall to 
the ground. 


This striking photograph of an approaching storm taken in Miami, Florida, 
shows a large thunderhead capped by a heavy layer of ice crystals. 


12, A RARE CLOUD AND ICE FORMATION 


AT 


A lightning bolt is an extremely 
powerful discharge of electricity 
—up to 30 million volts. But it 
lasts for such a short time that it 
cannot be harnessed or used. 


pS 5,000,000 UNTAMED VOLTS 


Meteorologists are fairly sure how lightning in a thunderstorm is made. 
The sharp updrafts, downdrafts and cross currents within a cloud cause 
the cloud’s particles to rub against each other so vigorously that electri- 
cal charges are set up. If a negatively charged cloud passes over posi- 


WHEN LIGHTNING THREATENS .. . 


IF INDOORS, stay there. Keep away from open doors, windows, fire- 
places, radiators, stoves, pipes, sinks and electrical equipment 
such as television sets, lamps, refrigerators. Don’t use hair dryers 
or electric toothbrushes and razors. Don’t use the telephone. 


IF OUTDOORS, don’t work on fences, powerlines, pipelines, steel 
structures. Don’t use metal fishing rods and golf clubs. Don’t 
handle inflammable materials in open containers. 


Don’t stay in the water or on small boats. Do stay in your car. Do 
seek shelter in buildings—or in a cave, ditch or under low tree 
clump in open forest glades. 

Avoid high objects—hill tops, tall trees, steel towers—and wire 
fences, metal clothes lines and exposed sheds. 


(Issued by Environmental Science Services Administration) 
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tively charged ground, the cloud releases a bolt of electrons which strike 
as lightning. Lightning can also strike from ground to cloud, from cloud 
to cloud, and even within a single cloud. 

The thunderclap you hear after a lightning flash is created by rapidly 
heated air which expands when lightning streaks through it. And the 
distant rumbling is caused by the thunder’s sound waves bouncing back 
and forth within clouds or between mountains. 


Thunderheads sometimes resemble explosions, and their soft white exteriors 
belie the turbulent updrafts and downdrafts that are agitating inside. 


A GIANT THUNDERHEAD 
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Three hurricanes—Doria, Chloe and Beulah—stand out in bold relief 
on this map-photo compiled from pictures taken by the ESSA V 
weather satellite and, in turn, distributed to earth receiving stations. 


What Are “Fronts”? 


P-J\HE METEOROLOGIST WOULD HAVE AN EASIER TIME predicting the 
|. weather if air masses moved over the country one at a time. But 
weather life is not so simple. All it takes is for two different air masses 
to collide and we have “weather action”. For example: 

Imagine for a moment that a great mass of hot moist air from the 
Gulf of Mexico has settled over the eastern section of the United States. 
People in Memphis, Washington, D.C., New York and Boston complain 


about the warm, sticky weather. This weather is the result of a maritime 
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This map shows the sources of different types of air 
masses that cover North America. These various cur- 
rents are referred to by the small letters. 


tropical air mass. Another type of warm air mass has its origin in the 
deserts of south-western United States. It is called a continental tropical 
air mass. 

Meanwhile a cold air mass may be advancing from the north Pacific. 
This is a continental polar air mass. Where the cold and warm air masses 
meet is a front. Since the cold air is heavier than warm air, the cold air 
mass rides along the ground, nosing its way forward under the warm air 
like a wedge. The two air masses touch all along a gentle slope from the 
ground upward. 
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A weatherman at a far northern 
station about to send aloft weather 
tesearch balloons. To these bal- 
loons are attached instruments that 
send back information about condi- 
tions at high altitudes. 


11 LAUNCHING WEATHER BALLOONS 


There are different kinds of fronts. If the front does not move it is 
called a stationary front. Otherwise it is called either a warm front or 
a cold. This depends not on the temperature but on the direction of move- 
ment. If the cold air mass is advancing, it is called a cold front; if the 
warm air mass is pushing forward, it is a warm front. 

Because the front is on a slant, with the warm air above the incline 
and cold air below it, when a warm front passes it is the high air that 
passes first. This high part of the front is marked by feathery cirrus 
clouds formed of ice crystals. Later the warm front is lower, and the 
cirrus clouds thicken into a broad sheet of high transparent clouds—the 
cirrostratus. Still later the sky is covered by a grey sheet of cloud, and 
rain begins to fall. 

Finally, the rain stops and the wind changes. The air is humid and 
warm. The front has passed and the tropical air mass is with us. 


Satellites—a Heavenly Blessing 


AN HAS MASTERED MANY TECHNIQUES for gathering weather informa- 
M tion, but perhaps the greatest blessing in the history of meteorology 
will turn out to be the weather satellites, Their promise seems unlimited. 
Satellites with strange names—Tiros, Nimbus, ESSA, ITO, ATS and 
NOAA—have been looking down on earth with sensitive instruments and 
cameras, transmitting images of clouds, storms and hurricanes. With 
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Meteorologists have estimated that one Nimbus weather satellite 
can do the work of hundreds of thousands of ground-based weather 
stations. This artist’s concept shows the weather stations, represented 
by dots, at almost every corner of the world. 
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An Arctic weather-tracking station 
of the sort that receives informa- 
tion from instrumented balloons 
sent aloft for research. 


16. A BALLOON TRACKING STATION 


their ability to measure infrared radiation, satellites can now provide 
instantaneous information both day and night. 

Tiros I ushered in the new era of meteorology on 1 April, 1960. Since 
then the U.S. has launched more than twenty-five weather-watch satellites, 
transmitting more than 1.3 million photos to receiving stations in sixty 
nations. In a dozen years of spectacular progress, technology advanced 
from the early Tiros that viewed only twenty per cent of the earth 
each day to vehicles that continuously photograph half the globe, and 
instruments that take soundings down through the atmosphere. 

These weather sentinels provide advance warnings of storms, and guide 
aircraft into hurricanes for detailed measurements. Airlines, shipping, fish- 
eries, agricultural and other weather-sensitive commercial enterprises use 
satellite pictures routinely. 

One type of weather satellite carries a system called APT—for auto- 
matic picture transmission—which enables ground stations to call in pic- 
tures instantaneously whenever the spacecraft is overhead, Another system 
is called AVCS—for advanced vidicon camera system—which stores 
pictures on tape for later transmission to major ground stations. These 
photos are the basis for worldwide forecasts made by the National En- 
vironmental Satellite Center at Suitland, Maryland. 

Weathermen have steadily expanded the operational uses of satellite 
photos, learning to extract from the pictures estimates of atmospheric 
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Advanced Nimbus undergoes flight 
qualification tests in an anechoic 
(free from echoes and reverbera- 
tions) chamber. 


FORECASTING THE WEATHER WEEKS IN ADVANCE 


@ Balloon transmits to satellite 
its identification, elevation of sun 
above horizon, and local temperature. 
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Photos from weather satellite being received at a ground station. 


moisture, pressure and wind that can be used in computer forecasting. The 
photos themselves have become essential to predictions for coastal areas, 
especially in tracking storms approaching from the sea. 

By 1980 advanced sensors are expected to deliver enough data to fore- 
cast conditions anywhere on earth two weeks in advance. Ultimately, 
satellite data, together with high-speed, large-capacity computers, will bring 
a significant increase in accuracy and time range of weather forecasts. 
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Man-made “weather”? This thirty-inch searchlight, using 20,000-watt 
Xenon bulbs generating beam candlepower of one billion, is being 
discussed as one way to achieve a man-made environment, useful for 
extending crop seasons. 


Back on Earth: Progress 


y | ologists to move ahead. Around the world, during a twenty-four- 


\ /[ EANWHILE, BACK ON EARTH, other new tools have enabled meteor- 
| 
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hour period, 100,000 observations of surface weather conditions are made, 
and 11,000 upper-air observations are recorded from balloons, in addition 
to the pictures taken by satellites from outside the atmosphere. This collec- 
tion of information is performed at some 8,000 land stations in every 
country, from 4,000 ships at sea and by the weather satellites. Within 
the United States alone, some 25,000 observations are made each day at 
1,000 stations throughout the country. 

All this represents fantastic progress. Thirty years ago we could observe 
the weather up to 50,000 feet. Weather satellites and the modern high- 
speed computer were impossible dreams. Radar networks were primitive. 
Today, we probe the skies to 100,000 feet with balloon-borne instruments. 
Rockets extend this frontier. Other balloons set to fly at constant levels 
have stayed aloft in the high atmosphere for as long as a year. Sophisticated 
radars sweep the skies. Advanced computers prepare forecasts of free at- 
mospheric conditions. The mathematical model is basic to forecasts. A 
national project to develop a network of ocean buoys is on the drawing 
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A computer-produced weather map shows the exact location 
of numerous ships and the prevailing weather over the Atlantic 
and Pacific oceans. 


boards. Weather teletypes connect newspapers, television stations, industrial 
and other users of this information. Special broadcast stations for the con- 
tinuous issuance of forecasts are in being. 

Because weather is global, it must be dealt with on a global basis to 
be forecast locally with success. A great obstacle in the past has been the 
lack of an international observation network. Through the United Nations 
World Meteorological Organization, 130 countries have adopted a plan 
for a World Weather Watch. When completed, the project will measure 
and record weather data from all over the earth and use them to make 
predictions. Right now the World Weather Watch exists in intermediate 
form. In 1971, for example, there were three World Meteorological Cen- 
ters, linked by fast communications channels—in Moscow, Melbourne and 
Washington, D.C. They were supplemented by regional centers, of which 
there will be twenty-two. Observation centers and communications links 
are gradually being improved and added to the network so that by the 
late 1970s it should be nearly complete. 

These developments will make the weatherman’s work easier and more 
accurate. And as meteorologists continue to learn more about predicting 
the weather, they will find ways to make it serve man’s needs and finally 
perhaps to control it. 
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Can Weather Be Modified? 


OR AGES MAN HAS DREAMED of changing the weather to suit his 
Fea Today scientists are giving more attention than ever to the 
possibilities of being able to “do something” about the weather. Frost 
prevention techniques with smudge pots and large fans, and planting of 
trees and hedgerows for shelter belts or “windbreaks” are examples of 
man’s first feeble efforts to change his weather environment, but on a 
very local scale. 

There are some meteorologists who argue that significant weather con- 
trol will not be possible until man has at his disposal virtually unlimited 
sources of energy. This view is shared by many scientists and is based on 
the fact that even an ordinary summer rain-shower cloud produces an 
amount of energy larger than that released by an atomic bomb. And a 


This photograph shows the results of an early cloud seeding experi- 
ment. The clear lanes show the effects of seeding on a heavy cloud 
formation. The dark patch at the right is the wingtip of the airplane. 


single hurricane can contain in its eye the power of 150 H-bombs. Effective 
“brute force” countermeasures therefore would involve such colossal 
amounts of energy and engineering that no one has been able to propose a 
practical means of combating natural upheavals, nor does anyone know 
what dangerous consequences might occur. 

On the other hand, there are some who believe that it might be possi- 
ble to give the atmosphere a timely nudge, or an assist at certain times 
and places to tip the balance in the direction of the desired consequences, 
such as they might be. 

Considerable attention is being given to the possibility of modifying 
clouds to release their rain perhaps a little earlier and in greater 
amounts than they might otherwise do if left alone. After World War II, 
General Electric scientists made history by some simple experiments. Us- 
ing a deep-freeze box like the kind used in supermarkets, they produced 
a laboratory cloud by breathing into it—the same kind you make in 
winter when you breathe into the cold air. Next, they lowered a chunk 
of dry ice into the box and spotted tiny ice crystals settling to the bottom 
of the deep-freeze. Later, they found that even a small pinch of dry ice 
would produce this laboratory snow. This experiment showed that super- 
cooled water droplets will change to ice crystals spontaneously if the 
cloud’s temperature is low enough, about 40° below zero F. Later ex- 
periments showed that certain chemicals may provide tiny nuclei around 
which an ice crystal can form at somewhat warmer subfreezing tempera- 
tures. In other words, this seemed to be one approach to giving natural 
clouds a slight nudge in the direction of speeding up natural rain-form- 
ing processes. 

Many experiments have since been conducted by government agen- 
cies, universities and other interested groups to test the effectiveness of 
“cloud seeding”. Given exactly the right kind of clouds and other me- 
teorological conditions, there now seems little doubt that some man-made 
changes in cloud structure are possible. There are persuasive indications, 
in fact, that cloud seeding can increase rainfall as much as ten per cent 
in the right places under the right circumstances. The Russians have re- 
ported success in hail suppression. But these are strictly local operations. 
Efforts to demonstrate that seeding brings about any really significant 
increases in rain or snowfall reaching the ground have not produced 
clear-cut answers except under very special conditions. Research and 
testing is continuing and there are some promising clues which may turn 
out to be important. 


61 


Attempts to modify the weather take forms other than rainmaking. 
In a recent year in the U.S. alone scientists conducted almost 100 
major projects in twenty-five states. “Project Stormfury” was established 
by the federal government—a massive interagency program that attempts 
to weaken hurricanes by seeding them with silver iodide. In Canada, 
claims are made that significant reductions in crop losses have resulted 
from suppression of hail. 

The Soviet Union may now be the world leader in efforts at modifying 


This Weather Bureau drawing shows how a black-and-white tele- 

m picture of the earth’s weather might look from a satellite, 
4,000 miles in space above Amarillo, Texas, on some future 21 June. 
A cyclonic storm covers much of central United States. 


the weather. The Soviet Union already reports important results not only 
in stimulating rainfall and reducing hail damage, but is even considering 
the idea of trying to warm Siberia’s freezing climate by damming the 
Bering Strait and using nuclear-powered machinery to pump warm water 
into the Arctic. Lightning suppression is another goal, and not only in 
Russia, since thousands of forest fires every year are started by lightning. 
What advances are made in the future will depend to a large extent on the 
type of person that meteorology attracts. Development of better observing 
and forecasting techniques, advancements in our understanding of how 
the atmosphere produces weather, and finding clues for practical weather 
control are going to demand the very best from a large group of scientists 
trained in everything from electronics to rocketry. Some of the plans and 
dreams of today’s meteorologists will certainly see fulfillment in the weather 
science of tomorrow. 

Gradually, our meteorologists are exploring the atmosphere, building up 
their knowledge and gaining valuable experience. Perhaps this body of 
knowledge will help some young boy or girl someday to solve some of the 
most stirring questions concerning the vagaries of weather now puzzling us, 
and lead to their eventual control. Can a hurricane be stopped from form- 
ing? Is it possible to deflect or “blow up” a tornado without disastrous side 
effects? Can the sun be put to work? Can wind be economically harnessed? 
Simply, can man control the weather? As we discovered at the beginning, 
before man can do that, at least in a systematic and logical manner, sci- 
entists must learn to predict the weather with virtually 100 per cent accu- 
racy. Otherwise, man will forever be faced with the tantalizing question of 
whether or not he produced the subsequent events. 


Winds That Help Make Weather 


AVALANCHE The high wind produced by an avalanche. 

BERG The warm, dry and frequently oppressive wind experienced in 
parts of South Africa. Its temperatures may rise to 100°F. 

BREEZE A current of air too light to be called a wind. 

BURAN The cold, fierce, northerly wind experienced in central Asia and 
Siberia, reaching gale force at temperatures of 20° below zero. 
CHINOOK The warm, dry wind along the eastern side of the Rocky 

Mountains that can raise the temperature 40° in fifteen minutes. 
CYCLONE Rotating wind system accompanied by low pressure. 
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ETESIAN The strong, constant, northerly winds of summer experienced 
in the eastern Mediterranean. Strong by day, weak by night. 

FOEHN The warm, dry wind which blows down the leeward slope of a 
mountain, best known in the valleys of the northern Alps. 

GALE Simply a very high wind. Force 7 or more on the Beaufort Scale; 
that is, about thirty-two miles an hour or more. 

HELM A strong, cold, north-easterly wind which blows down from the 
summits of the hills in northern England. 

HURRICANE From the Spanish word for evil sea spirit, it is the name 
cyclones go by in the U.S. and off the coast of Queensland, Australia. 
It is a wind of force 12 on the Beaufort Scale; that is, exceeding 
seventy-five miles an hour. 

KHAMSIN In the Middle East, any hot, dry wind blowing off the desert. 

LEVANTER The easterly wind that sometimes causes dangerous eddies 
on the lee side of the Rock of Gibraltar. 

MISTRAL The cold, northerly wind experienced during winter on the 
shores of the north-west Mediterranean. It is strong enough to blow 
over railway cars. 

MONSOON A type of wind system that brings copious rains to large 
areas of South and South-east Asia. 

MOUNTAIN The flow of cool air at night down mountain slopes and 
valleys; it often alternates with the daytime valley wind. 

POLAR The extremely cold winds which blow from the area of high 
pressure around the poles toward the temperate regions. 

PREVAILING That wind, indicated by direction, in a certain area which 
has a considerably higher frequency than any other. 

ROARING FORTIES Prevailing westerly winds which blow throughout 
the year over the oceans of the Southern Hemisphere and, being unob- 
structed by land masses, are regular and extremely strong. 

SIMOOM A hot, dry, suffocating wind or whirlwind experienced in the 
Sahara and Arabian deserts in summer. Reduces visibility to almost 
Zero. 

SIROCCO The southerly wind of North Africa, Sicily and southern Italy, 
which, blowing from the Sahara, is hot, dry and sometimes dust-laden. 

SQUALL A brief wind which rises suddenly and dies away suddenly. 
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